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Fig. 1 Building vulnerability curve of water depth versus damage level: (a)buildings in Alps; (b)buildings in rural areas of Jilin, China
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Fig.4 Building vulnerability curve of deposition depth versus damage level: (a) buildings in Alps; (b) buildings in rural areas of Taiwan, China
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Research Progress of Building Vulnerability
Curve Associated with Mountain Torrent

ZHANG Xinren"", WANG Ying"" , LIU Tianxue"”, CHEN Yu""

( a.
b. Academy of Disaster Reduction and Emergency Management, Beijing Normal University, Beijing 100875, China)

Key Laboratory of Environmental Change and Natural Disaster of Ministry of Education;

Abstract: Mountain torrent disaster is one of the main type of geohazards causing casualties in China. Damages in
constructions inflicted by torrential floods not only directly threatens people’s lives and properties downstream, but
also is an essential component of economic losses. As a key data-dependent approach to accurately quantify the
assessment of disaster risk, a vulnerability curve introduced a quantitative relationship between the intensity of a

disaster process and the vulnerability of relevant disaster-bearing bodies ( such as personnel,

property ,
infrastructure, etc. ). In this study, the research progress of building vulnerability curve associated with mountain

torrent was summarized from two perspectives: (1) the methods to determine vulnerability curve, and (2) indexes
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of disaster-prone intensity, so as to provide reference for the new direction of development and the prevention of
mountain torrent disaster in China. The conclusions are as follows: (1) As to the data sources of a vulnerability
curve, it generally originated from field survey, modelling or laboratory works, and localized improvement on
existing curves could also be applicable, or an early investigation could be comprehensively conducted on the height
of damaged buildings as well as the indoor properties. (2) The indexes of disaster-prone intensity referred water
depth, flow velocity, impact pressure, sediment depth, etc. , among which more research attentions were paid to
water depth and sediment depth for creating a vulnerability curve. A brick-concrete structure, regardless of its
location in case of suffering a 100% damage, must be under a specific damage-causing intensity as reference to 3.
8 m -+ s ' in flow rate, 44.5 kPa in impact pressure and 3 m in sediment depth. (3)As per strength indexes, the
vulnerability of all kinds of building structures followed the following order: wood frame structure > brick-concrete
structure > steel-concrete structure. There are great discrepancy among countries in producing building
vulnerability curves associated with mountain torrent. In the case of 3 m in water depth, the loss rate for brick-wood
structure houses in rural areas of China was over 90% , whereas in Italy it was only about 70% for typical alpine
masonry structure houses. In Greece, a Mediterranean country, the loss rate of reinforced concrete buildings to be
built strictly according to seismic codes was less than 20% . In addition, for buildings with the same structural
type, the longer the service life, the greater the vulnerability were, and low buildings were more susceptible to
damage. In future research on building vulnerability curve associated with mountain torrent, multi-source data,
multi-technology and multi-curve are supposed to be integrated and shared. Lessons from the flood-relief

experiences of other countries should be learned for enhancement of flood resistance of mountain buildings of China.

Key words: mountain torrent disaster; vulnerability curve; types of building structure; hazard intensity; disaster
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